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Ma,qnetic. Surveys 

Ground Surveys of a General Character. 

Bgetemat9.o m a p t i e  eurvey8 on the graund began in different 
countfie8 i n  the second half of the 19th century. 
had w S L  developed communications were covered with a dense network 
of points of absolute magnetic determinations, 
inclinations, tippings and horizontal components were carried out. 
The distance between points varied i n  the countries (from 10 t o  
60 km), Observations i n  almost inaccessible regions, where dense 
(!'continuous") surveys were impossible, were carried out according 
t o  individual routes of diverse density a t  distances between the 
points on the routes of 40 + 60 kn. 

Countries a c h  

Observations for 

A 

Continuous magnetic s w e y s  were carried out: in France 
i n  18814-1895 at points 20 km apart, i n  England i n  18894892 every 
30-40 km, i n  Japan i n  1893-1896 every 45 la, i n  Germally i n  1898- 
1903 every 40 km, i n  India i n  1901-1920 every 30-bO ~UU, i n  the 
U. S. i n  1899-1937 every LO km, and i n  other countries as w e l l ,  
Later on many surveys were repeated, 

Surveys i n  undeveloped and dependent countries w e r e  car r ied  
out by expeditions of other countries, mainly by the U, S, A. 
Thus, the following rnapt3.c surveys were accomplished by the Carnc&h 
Ins t i tu te :  i n  China i n  1906-1936 a t  points 50-60 km apart, i n  
Aus t ra l ia  i n  1906491rL according t o  a scattered (maJ_nLy route) 
network, and i n  MAea i n  1905-1934 i n  accordance with the scat tcrod 
routes. 

I k p % i c  observations i n  pre-revolutionsrg Russia were 
carr ied out by individual scientists,  together with different  
expcditiors, without any support of  the Tsarist government, 
f o r  i n s t > x e ,  i n  187'l.-1878 I, N. Sndrnov (an ssgociate professor 
of  ?L;zm University) accomplished the first systematic scatwred 
reco:rAssmce survey of Russia. A number of anomdlous rc,Fcns, 
fiz~ely, i n  Kumk Gubermya, near the Urds and Riga etc, were d2c- 
covered by t-his survey. 
mde it possible, i n  the future, t o  use h i s  points for the deter:-L.n;ltion 
of secular  v a a t i o n s  of magnetic elements, and a l s o  t o  define itore 
accurately available magnetic mps. 

magnetic survey of R u s s i a ,  the Acadeqy of Sciences, already i n  
1693, developed a project of surveys, but a shortage of funds de- 
layed these measures* 

Thus, 

Srnirnov's thorough and accurato obscrvatlcns 

TaEdng i n t o  consideration the necessity of 8 continuous 

Extensive undertakings in the f ie ld  of study of the eart ' . . '~ 
~ g n o i i s m ,  co&,uvLed G ~ E G Z ~  i3~t %is e ~ &  & Zyth ~ e ~ t i i ~  Z ; ~ I  at t+ 

I 

TC-953 
1 



beaming of 20th century, continued t o  stir Russlan sc ien t i s t s ,  
ii? the 20th century the Acadomy'of Sciences raised agaS.:i %?o 
odcst ioa concerning the magnetic survey. 
cErector of the Main Phyoical Observatory, i n  1909 a t  the 12th 
c^ onrer;iicca of Russian naLurdLists and physicians said: 
0,' magnotic s w e y s  i n  Russia i s  great, and i f  we will disregard 
u..cse :,:2asuz-es1 thc;, %his problem wlll be solved by Amricax,l '  
- - .~;cvcr~ thse  su-vcys (at 664 points of continuous aRd at 5111 points 
ci ro:,to surveys) were accomplished during the period from 1910 to 
232.7, due t o  e f for t s  of t h e  Russian Academy of Scionccz, coTtain 
i x t i - k J k o n s  a,d even private persons. Peterburgskaya, Novga-odskaya, 
?L!:ov.. *Lc 2-2 and Podol 'skcaya Guberniyas were pa r t ly  covered by a 

L ~ I O  north of European Russia were covered by a route survey. 

xme f o u d  i n  the entire t e r r i t o r y  of Russia, 

M. A. Rykczchev, riho was t h o  

" t l -~e ncce3sibJ' 

A u ~ . A d o s  - - . mgnetic d,s:mey. Certain ri$ers in Siberia as;d p&ly 

I n  1917 only about G O O  points of magnetic doterni- ,,ati o m  

The systematic study of terrestfial .  magnetic pkicnomm i:i 
3x;sicI hcz begun only after the Great October Social i3t lc  Rcvol- 
..<Aon. On August 2 l  of 1930 the Soviet Peopleb Comnissars of thio 
i;2SFi docreod t o  carry out the general magnetic survey of tho USSR. , 

The survey was undertaken i n  1931. sll accossibls rogiors 
of the country, rrhich had a developed network of C O m 7 u i ~ C a t i C i ~ S ,  
w r e  covered by the oontinuous) magnetic survey. 
bztween these points was 20 km. The survey i n  almost inrrccpsible 
a d  spwsdy populated regions was carr ied out along rivers, roads, 
paths and sea coasts, 
fGr m a t o  observations wao also 20 km, 

The averago dLs5ance 

The average distance between these points 

Rolative determinations of the A i 2  ver t i ca l  compomnt wsre 
i;;.troduccd every 2 km along the route 02 survey units, first $m the 
n;ast i q o r t a n t  regions and since 1935 in all groups of th0 g e w r a l  
r q a e t i c  survey (GMS). 

 he b e n e r d  magnetic survey of the USSR was a groat d e r -  
.I. dciii:, ard a i l  magnetologists of the country participated i n  those 
cpra t ioas .  Besides tho bureau of the GMS of t he  Main Goophysical 
Observatory, the following establishments par t ic ipated i n  t h i s  
p e a t  work: The Noscow, TBshkent, Odessa, Sverdlovsk, Irkutzk, 
Xazan', Tifliss and Vladivostok magnetlo observatories, the depart- 
;:;cl?ts of physics or  geophyeics of Tomsl, Kiev, KharIkov, Sn:o'io:?:-;k 
; ..-d Ro:;tt~v-I)on univeraitlcs, tho. Main Hydrographic A&:drAatxLiaia 

, 

, ' 

U n  Ad;dni8tratiOn of the North Sea. Route eto. 
/ 

DiLr;.zL t h e  period from 1931 t o  1952 a l toge thw 531 cx~cdLtio3.S 
KXO o:i,~;qc< in those opra'd.G;-.:.i, ard c1.u D, Hj ?,:IF.; .T '.,.:*>,;-: .: ;;q- 
A . a  

7 * , .  ., . .  - ~ ,  . -.-,*. * 
$ .  . L L , A . ~ i ~ A k i ~ f i ~  ~ 0 2 . 0  c~&L;cii OWL ;S 27,000 ;>G: :. . . i' ,... .... .LVZ 

. ,  

I , I 

c 
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i a$erxkr t ions  of the vertical components were perfomad at wrc than 
i L J , G T ‘ 3  pi2ts. 
obserrations arid the control density of deterrrdnations of tho A Z  
1-2rticiL component, the general magnetic surveys were f o m d  3 e t - k -  
-ken c o q a a t i v e  surveys i n  foreign countries. 
operations, the  gamral and complica$ed character of t he  nagrstic 
r’icld of th; USSR was revealed. 

Ti;ith rzspect t o  tompos of operations, 1fsthod3 of 

As a resu l t  of ’.Lc\ss 

Eksidos the general magnetic survey on the groczd~  a znmizo 
;;lzzne”uc s - ~ i o y  was carried out both i n  the Soviet UrLon a.d abroad 
225, during recent decades, ground detailed and a e r o m p e t i c  surveys 
ixre also accoqlishqd. 

Nmine Magnetic Surveys 

.. 

Pa first marina obscarvations of magnetic f i e l d s  were per- 
fi;-.n?ec! xore than 200 years ago (in 1698-1700) by Halley (an iSnE;lish 
zirocowr) on the  sa i l ing  vessel llParamoixr Pink”. Before the 20th 
cc,rtury the t o t a l  number of magnetic determinations on oceans vas 
izsigniXacant. 
c a r  continents and islands. 
h a t s  of different countries. 

Inclinations were mostly observed chiefly along coasts 
These observations were performd on 

The systematic survey of oceans was in i t ia ted  i n  19GS 4y tho 

b5.0 polz t s  riere surveyed by the boat  llGaKl.eoll i n  tho Pacific Ocea, 
1 ,*.de -*- P. 

%-ace 1909 the survey vas carried out by the special  yacht llCa;.mgiell, 
?;;?ich was constructed i n  the U, S. 
Ttcific, AtlanJdc and Indian Oceans were covered by a netmrk 02 
rsates, which were 500 +loo0 sea miles from each other, Tho distance 
bctTroen the points was on the order of 100 i 150 sea Rxilcs. TiA;> 
i - . x t  systematic network of routes was accomplished i n  the ?acific 
Gcazn, +.i tho xmst scattorod one i n  t h o  Indian Ocean. Ali;o&otL;oi* 
dwLng 19G,$1929 about 6000 points wero surveyed on ocec?n~ bjl th?; 
U. S, T h i s  sni;U number of determinations i n  the  vast  water arcfrs 
m*ide it pss ib le  t o  obtain o i ly  very l imited data concorsi.3u16 mag- 
rib’cic f i o l d s  i n  those weans, 
2;; mgiietic s w a y s  were discontinued f o r  25 years. 
:4-i=~o thsso magnetic surveys reswnsd by the S o v i e t  nor;-rignotic 

._ 

CzrBgic Ins t i t u t e  of the U. S, During the 1905-1908 perio2 about ,_ 

upon tho average distance between these points was 203 sca nlile3. 

During the 1909-1929 period the 

I n  1929 the boat ltCarnegielt sank nrd 
Ody i n  1955 

ailing-x;otor vosssl “Zaxya, I1 



21. '?54-'L956 +,La nZaryatt carried out cer ta in  mpstic sv,--:c+-;s I n  t33 
2 0.7 :AI:, ,,~rih, Groo&U& Raronttl and lrrnlto Seas, m.i. dc:.'i.;\.>< F3ro 
cn~-;i%tol;l tho r q p e t i c  Meld within tho l i n d t o  of thosc S C : ~ .  A% 

r.; t:m IfZarygl' i r s  tho only non-wigza't;$o vaaadL WWi, Cd-10 
pnrt ie ipat ing i n  the work of the international Geophyeicul Y s a r  (ICY), 
a l s o  pcrfornis 808 nzgmtA.c sumeye. 

physicsl Yem (IGY) the llZaryall during the period from A u s e t  OZ 1957 
t o  the end of 1958 carried out a number of expeditions i n  thc A t -  
7,:?5t mc? ZX?L?.n Oceans. 
1-957 ->?.-I c5y$ctod the following passages : Leningr~d-lonr;on-~alSfcur- 
312 Ar; cr'e c -L ccI5-s -Durre s&i bra l  t a r - h e r t o  Ric on Eole n ( Brazil ) - B e  ~ b 0 7  72- 
T akorec?i-%cnos &re s-Capo Town-Perth ( A w  t r i i l i a )  -Jakart~-Iclnnd 
llzr5!5~.-Co?,ombo (Ceylon) -Port Said-Istanbul-Ode s sa. 
surercmts of geomignetic elements were carriod out  along the  ca:lrs 
route, which gave new data concerning the mgnet ic  f f e l d  i n  those 
occarm. I n  addition, the !I2arya's1l observations, .in places vherc 
5.% crossed the passages of the flCaSneC;tetl, e a  it  possible to dc:- 
t ? d n o  the amount of secular variations of magnetic elexents i n  
thccc rratcr a rm3  during the l a s t  30 + 40 years. Theso data a rc  
v e r y  important fo r  a more exact d e f i d t i o n  of world magnetic maps, 

.. 

I n  accordance with t h  program of the Internation.?l GeO- 

The "Zaryatr l e f t  Leningrad in Ac&xst @-? 

C ontinuous nrr?a- 

Systematic magnetic surveys of the Arctic and Anttc?rctic 
Ocems did no t  ex is t  bofore the beginning of the 20th cen%vy. 
.'i em32. nw,3cr of determinations of myyet ic  olelrents, xn12nL'~ of d.2- 
ckii2ntion vzre found only a t  individual p ~ b t s .  . .  

'Ib magnetic f i e l d  of t he  ent i re  Arctic has not yet been 
evCicicnt ly  studied, 
C::-c Lo operations of the drift ing s ta t ions Worth Pole-1" 3rd Y k r 3  
?2-'Is-"" 

The Sov ie t  area is much better inr.cst2gakd.' 

I s  

Tho magnetic f ield of the Antarctic eJso haa'not p t  bee? 
st .Cicicz';Pj studied. 
~:-..1... - -  :..,_..lrr.3.J;"ly a t  800 points a t  sea and dlonc sea cocrsts i n  tMs 
:;azL ,-,,rcc?, :cNch is located t o  the south of 60" South Id;. p y i r  $0 
t!?.~ t.c@n.ing of operations of the Antarctic expedition, Tim fl'.rs.L 
r.?.:zn?t'sC obssrvations i n  the Antarctic w o ~ e  pcrformd by L. 1.I. 
S i n e x  (::. professor of Kazan University), Who was a px-tic5?3.n% 
cf E2lliqphausen and Lnzarev 's expedition, vMch Was t:x?ny.t;a?:n?l 
on t h o   loops Vostok" and ltYdrr&l. "how vesscls loft t h e  p 0 ~ 2  
Ikonshbadt i n  183-9. 

There 'were observations ' (mainly dcc l ina thns)  
' 



Detailed Ground Surveys 

A% the boginning of tho 20th century a close interconnoc%ior). 
between t ha  snst5 's  magnetic f i e ld  and i ts  geologic& s t ~ ~ c t m o  152.3 
established. This Interconnection i s  explainable by. the f x t  Zlhcr'c 
soparah rocks, which are included i n  the composition of tho  vper 
ci-std. Zq-crs of different  magnetic properties, cause varic-m ~ 3 . 7 -  
t o r t L o r 3  of tho geomagnetic field.  For instance, the s ~ o o b h  moL:'.oh 
o f  l i n o s  of force of t h o  magnetic field above i ron ore dcposi ts  i o  
~ ~ t v ~ ~ ~ c l ,  and l o c a l  distortions of the magnetic f ie ld ,  i. e., ~ r . q -  
Retic momlies appear. Consequently, a detai led magnetic survey i n  
czrr ied out i n  places where the  presence of iron deposits i s  susycted.  
Thris survey m~st have a dense network of points, accordir,,a $3 which 
i). nap of the Z anomalous values is conpiled. If necessary, such 2 
SIL-:~, i n  tho x o s t  anoma.Lous sections, can be more condormci, an5 
so:?&ims the distance between observation points can be broqh.1; t o  
c sxx-.9 m t e r L?. 

~ 

Thus, w i n g  the magnetia mthod of geophysical prospecti?:, ?Wch 
is t3c cheqcst. in coqmrison with other geophysical' m%hoc?a, wo iXzr-- 
out the excten-b of mori3lous sections, and then establish r h d t s ,  
boreholes etc. According t o  data of a deteiled survey of thc a-rc? 
szction, which includes anorrd~-ous variations, it i s  possl5lc t o  
cr?t_cvlate the  depth of ore beddings, which caused this Gmor:5L~, 2.3 
z l c o  t o  deLemina, t h e i r  forms. 

\ 

The Kurck magnetic anomalies, which have been cor,si63rec?. the 
1 ~ g e s - :  h tho, entire world, vzre discovered i n  t h e  sorcn';lns 'cy --q - ,, , 
Si;riX-zov on2.y % m.ms of magnetic surveys. 
aor;,zlies vcs imbted  at once at the beginning of the. Sovie'; ? c r i c i ,  
Xr; a r c c d t ,  o? detailed magnetic surveys, which were carricd oct I:: 
t k c ;  :3.-rs7: ob1~zs.C: i n  ly19-'1923, large deposits of iron ora ~?erQ 
c .. 1- ;Cy-hnr ,C '  

>. - 
A thorou::? s k ? y  of C x s c  

.Le. d La 

2. nt.:;ical W n e t i c  field balance was invented in the twc  ".:r 
of the currcrit century, which made it possible t o  perform x l a t i r c  
acasco:;sntz of the AZ vert ical  component .Crith great rapidi ty  ( 3  
r5.nctsg of o b c c m t i o n  per point) and also with high accurzcy, on 
%?e order of 29-30 gammas. Due t o  these qua l i t i e s  the vcrcicd- 
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A t  prasont the magnatlc method of  prospecting is umd no.', 
0~1-y f o r  the  search of minerals, but a a o  f o r  the solution of cer- 
t 3 . h  ywblems connected with s t r u c t u r a  geology. I n  tho LssC, tax, 
r n ~ & i i c  aiyveys sometines envelop large areas. Aeromgmtic sr;eys 
f c ?  g2OFilySiC'fi prospecting were in i t i a t ed  i n  the tLr( ; ies  of thz  
prc3scnt c21-1t'q. 

AeromaEnetic Surveys 

A, A. Lugxhev, who i s  a Russian geophysicist, i s  the c r x t o ?  
cf Vis eoro-qgnetic survey. 
in ',?E vorld, a re la t ive  aeromagnetic survey of the AZ vcrt ic2-  
co:?orE:it :.-,?_? carxled out by Lugachov. 

Fn wkr t o  c?iscor;ar deposits of mineral resources. 

Beginning from 1936, f o r  tho first -XY, 

This survey was perforxed 'ryr 
. v - IO.?" of LY pchcv * 3 devlce, the so-called induction Z aororxzmtoz  

.- q ?U,-..^. - - _. . ~ ~ ? , ? t l c  surreys have a l s o  been extensively uscd &roc?2. 
Later on, s x h  

Vnst  areas were covered by the A Z  survey ( a t  scc?lcs of 
1 :I, OC3,009, 1:200,000 and larger),  and i s  i s  especially irnpcrtcmJ; 
t!x% d5sl;aat regiom mre surveyed, which before due t o  t h e  lack of 
m : : r ? s  :TCE a h o s t  inaccessible, Aeromagnetic s u m c ~ s ,  i f  re l icf  ::as 
lc-.:-cl, vzrc cnrried out a t  a low altitudo, on the  order of 2OO-3O8 
pe , - ; . , - A  .*.fi-* 3. 
1r.c-.2 X C Y X ~ C L ~  by the AZ re la t ive  g r o m d  menot ic  smc : j c ,  As 
a reo15.5 of aei-omagnetic operations, maqy inportmt oro dcpos i t s  't:zrz 
ZL:: c 3 -,- 2 1-L' d . 

dnm:l?,.les discovered by those survoys' h t e r  on wcrc dei"ir.cc'. 

' 

hn ! n x f f i c i e n t  accuracy of aeronngnotic SUYVQJVJ (on thc o r l l c r  
of  t2C9 r;:!rul!?::) made it impossible t o  use them f o r  dctocting srn1-l- 
&s%oo:-tio:-*: of the magnetic f i e l d  connected with the structure 02 
r??er 1 q - c : ~  of the  earth's crust. Consequently, the rosc'mch fo r .  
2. xorc pcrlcct construction of aeromagnetommtcrs was oxtcn?.cC. 

I 



:'~,qmtic Observatories 

ContXnuous and highqmecision measuremnta of elemn+,s of t he  
earth's mgnvtism are c a r r i e d  out a t  magnetic obsematories. 
t o  avoid h 6 u s t r i a l  disturbances (e lec t r ic  current creates an addi t ioml  
m.gmtLc field), observatories are usually built far from towns, 
c lcc t r i f iod  rd l roads ,  t ro l l ey  lines etc. 

In order 
' 

Paviliors, where instrumnts are instal led,  must not contain 
AU met&I.ic parts of these p a v i ~ d o n ~  (p:'.pcs of mgnetic mtsridLs. 

hea",ng, nails, loops, doorhandles e tc )  are made. from no~-mqno"Uc 
ritxn.id.o (brass, bronze, copper). 

A t  proaont, mre than100 operating magnetic observatories 
cze f0w-d i n  the en t i r e  world, and more than 20 of them are lccated 
iDthe  Soviet Union. 
in the Soviet Union is shown in table 1. 

The l ist  of the magnetic observatories locatcd 

K Z T ~  02 Observatories 
LaL,ituGe 

- SL v 
+80*201 
*77O 43 t 
+73" 30' 
+71"LO' 
+ 6 8 O  57 t 
+66OlCl 
+62* 261 
+62" 01 
+59" 57' 
+56" 44 * 
a 5 9  50: 
+5S0 29 
+ 5 2 O  28 1.  
c50" 43 ' 
+ k 9 O  54 
+ L 6 O  57 t 
+L6" L7' 
+43" 39 ' 

(+a 
LoilgL"u$.. 

x 
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The observatoiqy, which is located a t  Tikhaya B a y  (on Frcnz 
Jossl" Land), is the most northern of a l l  the r q p e t i c  obscmations 
cf t h o  USSR, operating a t  present. 
th c o s t  southwn station, which was opened a t  the end of 1957 
(Tor  YE p&od of the International Geophysical YeXt') i n  tb arm. 
c2 th  roaLncrn geomagnetic pole. 

The obsomatory' Vostok" i3 

It i a  very l i k e l y  tha t  some of the opened temporary rragnotlc 
I 

and gcop:iysical s ta t ions (during the period of the InternntLonal 
Geophysiccit Pear) :a1 be maintained as permanent oparat-in,o observatories, 

I ? s t m o n t s  f o r  the D, H and 2 absolute measWemnts 2nd 
fo r  tho  recording of t i m e  variations of the magnetic f i c lda  81'8 fcmd 
a t  these obssrvatories. They are called magnetographs ax i  consirt  0; 
5:?0 D - 4  ard 2 variometers and the recording part. 

The norking principles of the magnetograph are very s i ! h .  
Mc7.gr!ts of the D and H variometers are sus;eerded on verticcil  thrcc.28 
and can revolve i n  the horizontal plane, the magnet of the Z vWio-?ter, 
hmins t'r?e horizontal axis of support, revolves i n  the vc:-tlcal alcllls. 
A t h i n  shaft of light f rom a small e l ec t r i c  bulb, re f lec t lnz  f r o 3  a 
5rrm r h i c h  i s  securely fastened with t h e  variometer magnet, falls on 
the p')atol ,?pe put on the drum, which is uniforrn,ly 
of a clcskxork (usually a t  a speed of one turn within 24 hours), 
A m k h ~ ~ o v s  lin2, Le., a curve of a di f fe ren t  degree of bend, de- 
pCi.i-irlg on the position of the magnet, appears on the tape a f t e r  
the dcvelopmnt. 
rYL-ror t races  a straight l i n e  on the tape, whicp is called tho b.uc 
l::-nz , 

rotated by m2m 

The second pencil of h g h t  ref lectcd f rox  t h c  f i m d  

The tape of t he  magnetograph (magnetogram) is  shown i n  Fig. 3- 
T3-2 distmce i n  millimeters from some point of tho curvc on tl i2 t ~ ? e  
t o  Vi? b : m  l i m  f o r  any inomnt of time, f o r  i n s t a c e  f o r  Sh ~ ~ I I L L L  
rG;:v)15cd by t!ie sens i t iv i ty  of the variometer (a s c d c  of a millLrntcr 
j.nt,cr:.~l c,vressed i n  gammas o r  minutes), y ie lds  an anount of dc.':lcction 
(a oxEnc?- t~> of a magnetic element from the base l i n e  i n  the gi'fci 
t i r o .  Uv~- l r . , o  the processing of tapes i n  observatories, an aver:'.;e 
a??oUit of the ordinate of curve i s  fourad f o r  each time intervdl. 171th 
tho dur s t ion  60 minutes from the whole hour t o  the qext, and accordiF?.,n 
t o  this niiimnt the average value of the corresponding r n g x t L c  elcir.onL 
for t.ris i i ik rva l  of timo 1 s  determined. Each observatory, accorciml; 
t o  i t s  t,?.:~i.-, p r q x r e s  monthly tables of such llaverags hour" v d m s  of: 
rn.3" .I-Lr.:tic > c-o.l.cnts f o r  evcrjj hour, day and montli. 
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Ftt ,~.  3. 
:>%~h recordings of the D,.H and Z variomters, ‘!basis1’ l i n o  (Do, Eo, Z,), 

A ragnetograph tape of the obsematory located i n  VofTykovo 

ZEC h o w  F X T ~ S ~  

Abschte observations make it possible t o  obtain values of 
nagr,etLc e’ber??z~ts, which correspond t o  base lines, a d  conscqimntLy 
t o  errprees data of mignetographs, f o r  a?.?. noment of tixa i n  zbsolu-i;: 
??OrntS 

Durine mgnetic surveys i n  areas far f’rom mTgx?%ic ol?senY!tofics, 
f fc ld  vmic?+,lon s ta t ions are used, which are  l igh ter  and more co:??,?ct 
thm ins5micnts of observatories, 

R~sSts  of observations of  magmtic observatories for each 
r:?2th are shor-n’in tables of hourly values of magnetio elemnts,  Vwrc 
rr.n,an, ~nirLn~ufi and maximum values of magnetic elements ( for  a monJ6h) 
m c  3 ~ E c ~ . . . t n d ,  Average annual values are obtained from m e x ~ e  
n9RLmJ c?:> 3 ‘I 

T h s c  trzbles are also used f o r  the introduction of co-rcc%ioz- 
foz v ~ a t i o x  in values obtained during magnetic surveys. 
of r q y e t i c  e lwen t s  are sharply changed, then correctiorm f o r  vzrL<??Llm3 
zze C ~ k m ~ ! n c c i  d i r e c u y  from magnetogrzph ta?es. 

’;.Yen *.-n.?--:-.n 

Grmhic Representation of the Earth’s Kagnetic FidS 
A x w y  convenient and graphic methoc! of isolincs, Le., li?cs , 

+,raced Lhroil& the points with the same vzlues of na;EtiC olcmexCs, 
13 uswlly cscd for  the representation of a mzgnotic f i e ld  on m.?:~. 
I-X.inss of separate elenents have a special rime. IsoY:i:?es of xi?- 
c l : l - ~ . t x n  are ca3.led i .sop:c ,  isolines of t ipping-isocl inzs ,  a d -  
4-~:-:i3s of  scparate components and of the t o t a l  force a r e  cdlcd .  
iL’- ;r=..?r;.;ic L??23* 

I n  v l c w  of a Continous change of mac;m*,ic elcrnmts, l a t e r  cn 
corrcctrons oi’ variations are introduced into their viLluQca 

O?x*n--.v.tions carried out a t  different  points d w i x y  v ? r i o v r  
hours, dcys and years are brought t o  a single moment of Lixc?, U s c j l l y  

9 



Ikfi;.Aia 6 &€fer do etadin on tho area, a c d o  azd decroo 
QF r e p r e a ~ a t a h e m ~  the m g m t f c  Meed, which %key emellop. Thus, 
l xvp-ncde  mps ttre constructed f o r  small  areas of dotailcd surveys 
with a dcnso ncizrork of points, which descxibe itll character is t ics  
of the ficle. Srwll scale maps with smoothed isolines a n  cm:ztn:stod 
i n  those cases when de ta i l s  are unnece3sa.r~ f o r  largo t e r r i to r icz ,  mc! 
crZ.7 basic festures are reqqvired. Magnetic maps of the en t i re  ear%h, 
the so-czllcd world magnetic maps, belong t o  S m b l 1 - S C d . Q  catcgor5e.c;. 
Thc vorl-d ???gnetic naps of inclination, horizontal and ver t i ca l  con- 
~ o ! ~ c n t s ,  oi' t he  1950 epoch are shmm i n  f ig .  6,7 and 8. Thcso m y n  
=e coxtructec? by the ScientLfic Research Ins t i t u t e  of Terrestrid- 
I.:2gn3.i;isrr3 Ionosphere and Radio Wave Propagation. 

It is obvious, even with a brief swvey of these diagrarr-s, tkt 
t h e  isodynndc lines of the horizontal and ve r t i ca l  coqozzn'~ have 3. 

direction close t o  geograph$c p a r a l e l s ,  and the isogonic l i n e s  ac! 
mhLy h r c c t e d  along meridians. 
2.t Sour points of two magnetic and two geographic poles. 
pq21d.c polcs m e  outside these diagrams. 
t!ic r,or%hern .hendspherc is called the north magnetic.polo. 
E?XC pole found i n  the southern hemisphere i s  called tho soubh 
yzgnctic pole. 

All the isogonic l i nes  corn to:c%e? 
Thc &eo- 

The magnetic pa2.c fouxd' i n  
Tho iii:ig- 

10 
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-4 pAL. p 6. World map of tho magmtic declination of tho 1950 
eyoch. 
de cLizr!5on. 

is the eastern declination, and -- - i s  thc weskrn  



F-e. 7. World m p  of tho horizontal  component of tho 1950 v ~ c h .  
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Xg. 8. World map of tne vertical coqomnt  of the 1950 epoch. 



Sor2l Pole 

The J = 0" incl inat ion and the  I3 = 0 horizonmi c o ~ ~ o m n ' ;  arc 
E% the mqpctic poles, therefore, the magnetic needle vhich rcvn!-v-::: 
free?-y a?o:?rd tk horizontal axis (the dip rzedle), :till s s t t l e  
vcrt5-cclL:~ 2.t the magnetic poles, with the northern end dovr:ard.s 
a % thlz I<G?-E~ Polo, and withthe southcrn erd down a t  tho So-,rkh Pols.  
Ye Icnw %!P'G the compass needle which revolves i n  horizontc?l plms, 
r ^ . x x ! ~ s  certain position owb: -tothe directive influence of thc hcx5- 
z o n k l  ccr?poncn% ody. Cozlsc.,quently, the com~ass becoms usoles:: e b  
Yx? ~r.zgncS,ic poles where the horizontal coqoncnt I! equzls zero? 
'cocx~sc t h s  coqass  needle there will preserve any impartd posi.'Lon. 

a t  t h Q  gc,o!:raphic poles. 
of dc~clinc?.tion as an angle between the magnetic and geoy;r:.~:llc rrcxl.cY..?.rS. 
Slnce a11 the gcopaphic meridians converge a t  tho geogrc+.$d.c polo, 
%he decli.na'i,lon there w i l l  a s s u m  d l  the va'r,ueo from 0" *bo 3600, L.C., 
it w T l l  becorm inclefinate, even i f  t h e  .compass needle adopts a t  Vnc gco- 
,pC.?hic pole a single and quite definktc bearing, Conscquontly, thz  
ccxpass cc?x~o t  be used a t  the magnetic' poles, i f  we have o n l y  t h e  i-.:!.p 

of rnagxtic dcclinxtion. Therefore the modified maps of  declina%lon, 
Lee. 21e mps of  directiom.2. angles are used f o r  %\e flights ir.1 Ch? 

12a- rcgions. 

I n  ziddition tothe rragnetic poles, isogonic l ine3  a l s o  corrrcr::o 
This follows from .the very dofl:..::bion 

n .  The f istyibution of  the isocl ine1 l ims on t h e  o t r r f x x  0:. -.,'?.c 
t e r r c s t r l d  globe i s  Close t o  the d is t r ibu t ion  of the isoQ.-.-nanic ll:.;>s 2, 

Eound  the equator. The zero i soc l ina l  linc, rounding the terres-LrF,?i 
globc, passes near the geographic equator. It i s  c d l c d  the map~-Z.s , 
equatoro The ve r t i ca l  component, which has the maxir!tL'T1 valcs  .-nc.-.?.- t.',:r: 
r'. r.fpc.25~ p L s s  (0.60 and 0.70 oersted), decreases to zcro ai, thcl ;mL:-.,?-t.5.c 
eyu2tor.  ' ! I 3  horizontal component, on the contrary, h?.s i t s  rt?z-5~ : -~:~.luo 
,?4; 2.'," , . - - , r . - ; , . ' .4  . . .L, l...Lc equator; it is e q d  here t o  0.4 oers-loti, zxd ~rr~.d-.::!?.:: 
clc,crcc:s;>s i;o;:nrds the polcs .  

- .  Tlio incl-ination decreases gradually from 90" at ;the polec, t o  zm'o 

Sk~.c%-.!-.*: n.? the E a r t h  I h p e t i c  fielc'. Yqnc t i c  Aular+?_7.j.c3 --- 
I n  the fkst ,  rather rough approxiration, the  earthf3 m g m t i c  

field CLL? be presented as a f i e l d  of a globe w i t h  a uniform ~ y p e t i z r ? . t i o n *  > 
tho &i.rcction of i t s  magnetization forms an angle of abotk 12" wi-t'n thn, 
exr%L's z x i s  of  rotation. The scheme of such field i s  given i n  IY-gurc 9, 





21, -++5r: on t3c e&h's surface, where tM.3 surface tLs i~~';crscc';x! 
~ 2 - r ~  cf spmotry of a main part of ';hs eart.h's xy: :zJ:5 .c!  E c X  
c .~ ' ; l i  s cniform wgnetLzation, are called gccr.-.;;-::.: 

1. ... F' r .  ,4. .2< nz -lo co-Tutations, these poles are: at %!IC: :-.:-.'- %---L# r. ! .  

11'0 -7 A. Long, i n  Zlhe southern hemisphere, The comrentiord. posit?-ye 

~ 

292.' Z., Smg. h the northern hemisphere; and a t  the  po2r.t 72"30' E. L:%, 

&rcc%ion o f  tho m s e t i c  f i e ld ' s  force lincs is 8 direct ion i n  tfnich 
iii1L 3152% the posi%ive mgnetic mass, i n t rodxed  i n  C-xi.3 field (I-t 
2s t ? .hn  f o r  g m t e d  that the  posi t ive mgnet ic  masses m e  c o i i c c n k a . k ~  
i n  tx zo%iem end of a marpet). 
fcrce l i nes  of Yne ea r th ' s  magnetic f i e l d  corn out on thc c~arYn's T.T- 

. . 

It is thcreforo bdievcd that ths 

facp I n  th! souLhcrn hemisphere, and go in+,o%he interior ol" t he  c?..;.%'-I 
i n  i t s  northern hemisphere. I n  the case of uni form rrmgnotization, t h y  ! 

1 
m?grio,tic elenzsnts must change smoothly from point t o  point. 
t h i s  is not observed with the  actually-w.istir.g t e r r e s t r i d .  f ie ld .  
on the smoothed out world charts, the monotonous change of ';ha v?_luC 
of  r ? ~ g r ~ ' c S c  elements is badly disturbed. For example, a 1ar::o rcgio-? 
(F igne  8) ex i s t s  in the northeastern pa r t  of the Sov ie t  Union, vhcr!, 

as c;Lsts 3-n the region ,of $he northern magnet5.c pole, %an2 .';'lo rr!?r.~!.~-q;:,-C L .. 
declLfiatkm becon-ES western and not eastern (Pig. 6 ) ,  as it 'mrc  ~n 'GAY? 

c a m  of homgwcous magnetization only. 

I n  roals-ty, 
l3m1 

tfic ver t ica l  corqocont reaches the value 200.60 oersted, I.e., E U C ~ ~  . .  
. I ,  

On the  charts of actual  diatr ibut ion of the v e r t i c a l  compc?x:ik 
~ L t h  trn3moothenad isolines,  one can see nunierous disturbmcos in 2 

smcotn var ia t ion of 2 i n  the areas, re la t ive ly  small by s ize .  
6Asturbances are caused by heterogeneous magnetization of rocks i n  
the earth's crust, by their variable thichness and tectonic d is tmbxxcsr ,  

Tlrrasc 

Thc dis tor t ions of the  magnetic f i e l d  are  cfL?-:C *'-?m;l~y'-*'~ 
- - *  mo.K!fr?r, --u :rkich are subdivided in to  local,  region.d., and w e  wo;'..ct 
m y p t i c  anondies. 

The l o c a l  aomdLies are local  disturbmces of the f ie ld ,  m d  
can bc observzc:. m e r  areas of several L-'l.o;m!stc?s. Scch c?_n=\::-l-ics xL:'c! 
v z 3 g  t o  the influence of rocks of limited cxtont, embedded c c a r  t::c, 
e 2.r t i  7 s ovrf  me.  

m'.,o , _. ..fl-- -, -.a - anomalies, i n v o l ~ n g  tsrr l tor ies  of wholo cont:nsn>, . ..+I-- do no t  haw a generally accepted explanation f o r  their  mistcncc,  
m,~-c';olo@,sts believe t h a t  these anomalies are associated i6-Lh -'ZE 
proccssos, taking place i n  the  earth's core; the others a s c ~ m  tiin'; -LTSC 
mc;.,21ies a 5 s e  from the m.gn6ti.c rocks i n  t he  car th 's  c rus t  an6 -in ':,::; 
xbn,xstCL layer  of large blocks or  platforms. 

Sc '? 
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'i'k YL? of the f i e lds  of mifox-m magnetization and of W.c? ::erX 
a n c ~ 3 5 e 3 ,  are  ccCLl..ed the llnormd.lt magnetic f ie ld ,  Tho nn??.x-.?- 
PLcld is used Bo singla out the regiondl and l o c a l  n?.@Ac moc?Xo::. 

Wa donote the normal f i e l d  by Tn, &and reprasont 12, i n  tkc fo13.v.r- 
i n g  lf3j': 

TnQ-Tr-Tl. 

Conccqcently, t o  obtain the nornal. fic'ld, the f i e l d s  of rcgimd. 
aril Local zmrr,Zlies mt be subtracted from the observable Ziold,  

I n  practic3, diverse methods are employed i n  t he  cannilatio:: E: 
L5e charts f o r  a r o d  f i e l d  of  mgnetic elcmnts.  Tney x-3 equ2.Y.y 

TC-953 



A detailed exposition of the hypotheses 5s outside t5e 
of th3.s lecture and, therefore, we will explain in the ?olLc:%ng W2-7 
the m ~ i n  _no-into of them. 

A l l  the  contomporarg theories on tho  t e r r e s t r i a l  m p 2 b L s m  
c m  bo szMiTrLded i n t o  two main groups: the theories which e:V:?lain 
the m5.3 pax% of t h e  earth's magnetic field by meas of e1ec-M-c 
cpren-ts, t ? d  t lm theories based on t h e  assumption tha t  a h o s t  tlzc 
xholc m g x t i c  f i e ld  of the ear th  may originate Sn&e earth's CM:S'G. 

It is w e l l  known t h a t  the electr ical .  current is CL?:T';*Q Boco13- 
pcnied b{ rna.gnotic f ie ld ,  The magnitude and the trend OS tlds f-Lc!ld c2-3 
bz! corrputc?. procesding from cerWn l a m  of phy-' O l C S . 4  

?he theories of the f irst  group assunas t h a t  the main p w t  of 
the e,mth* s magne-tic f i e ld  originates from the  e loc t r i c  curl*cn%s v ~ c 3  
c i r c d a t e  a t  g r o a t  depths i n  the l iqu id  core of the earth. 
of t h e m  5icories i s  that, with the existence of correspondins r..,.ci?C??ir:.'l 
moVj;jns of a substance which composes tho l iqu id  cor0 of the  cart$:--, 
the m ~ n e ~ ; i c  field i n  the core, negligible a t  the b q h n b ? ,  rz~y 3- 
c x ? . x  up i;o the mgnit?zdes which correspond with t h o  ac l . v . -S~~-oS-  
szrbra510 f ic ld .  
o n  c:cistcnco of initial nagnetic f i e l d  and motLon3 i n  %hr! C O ~  
02 %kc cu,;:~, L e e ,  on V i e  theories, which sre,n?t subs-hn%lr'scd ::c 22';. 

, 

thz t  the  ear th 's  crust  has i n  i t s  different  sections a vzrizble c;:..?.:';.l.'J 
of ra&nstic rocks and, therefore, can SQXC on the v110k as a sovmx 
r.rl?xLsh creates the principal p'mt of the eart!i13 rn,?gmtlc SiTld tb."h 5%:: 
cF.:.:.;ictcr.istLc3. 
,... ., ... ,.., .. ...-.,.*. u.,c:.iz .: -~kLc3 so f a r  were not mbstznLia5cd 
t h c ~ ~ i ' o r e ~  kwc t o  be regarclod as hypo'bhcscs. 

TLc c?cc!q??% 

Thus, t h s e  theories a.re based on a series 01 hno.Lkcr?:3 

The theories of the second group are  based on the ~ s ~ ! n $ L c r ? s  

These theories, likevise, mke USC of a r.9rios c 7 
ctpxi:zs;TZatio:i :-.r:'z 



. 

I% v m  f o u d  out by s t u w n g  the n-~-gnetograms tha.5 the w?i- 
ctions oZ %IF, magnetic f i e l d  (or  the mgnc'cic elernmts) m e  sono+Ui:*-s 
smooC?, az?. aomtimes of a disorderly nature. The vcaria-tions i n  Yh.5 
first i n s t a x e  are described as undisturbrsd variations, vhoroas i n  the 
sccosd izctcznca they are known as perturScd v a i a t i o n s .  
I*&ri&ions are s t r i c t l y  periodhal.  Yhey Cnclude : s o l ~ 4 u r n f i  va::'.-.'LL8n3 
with tl?e d i u r n z l  periods, associated with the diurnal rotat ion OS 
c?:r-'Ch; lrm-35urnzl variations, the eriod length of which is C I ~ I ~ J ,  

ated ?&th the r2ima.I rotat ion of ti?e emth with regard t o  %'IC n o o ~ ;  
x!!xLl vLWiations with a period equal t o  cne yew, caused b'y the rc- 
voiution of the ear th  with regard to t h e  sun. Among the pel-turbed 
v.x5ntions tx? c8n likewiss singLe out cer tain periodicczl variatic:-.s 2 

per-Lurbcd d l t r n d  variations tr'lth a perlod, e q u d  t o  the solar  2 b  
hem* periods; and the r a p t i c  plilsations, th period of which l a s t s  
f o r  s c v e r d  minutes o r  seconds. 

Yio ~ ~ Z - ~ - L : ~ . ? ? Y Y I  

t o  the l m a r  period of revolution (24 R 5@ 28s mean solar t b z ) ,  nssoci- 

Tha lunar-diurnal variations are very small and are usuali:..y ~ 2 5  
taken i n t o  consickration i n  the  v i r tua l  magnetic surveys, 
variations aze likewise small and, therefore, we do not intcxd t o  
&scuso these t:.lo typos of  variatiom. 

Tilo arawl 

C - x q  t 3 e  i r r e m a r  types of par twbcd r a r l a t ions  wc ~~5.13. 
dLscuss i n  greeter de t a i l  o n ~ y  the maznetic storm. 



co:*~*t~-' ' A  tk d i m a l  v,arintions, tb3 the r m g ~ ~ X c  ac%r?.ty f.?? 

<.t,. .)..,.. q-7  'I.., . __ ._ ,. . L o x ,  .-_ the ;nagnotic ac t iv i ty  i s  ckaractcrizod YYX: TAc 
~ 12. y ~ t o i l s  is reprdod as c q v 2  t o  zmo. In tkc! c:-.:'? + -  

XZ- 

t. 1.2 .lo 1 

Th3 mdysis of the variations has revealed tha t  the m.g- 
m t i c  actiT;i-ty i s  closely associated with the solar activity. On3 Ofb 
th9 n~xi fcc ta t ions  of Cnis solar ac t iv i ty  i s  the spot-forrLng a c t P ~ b J  
of thc s'c:iS Tho number and tho area of the spots on t h o  s w a t s  smf,oice m- 

c!ac?,xgo cox%.l?uvc?, and a t  times the spots disappGar coxplctcly. l m  
con-';inxom obsclvations have revealed t h a t  thsse v a a t i o n s  aro c y c l 5 . C  : 
535 m x L 7 1 - 3  and m i n i m  of the spots recur approamte ly  a t  11 

a 

y s  -,r in%ci~uS-s, ' 1  

Y'Y? solar spots are  places of enomous turbulences, appearLEg 
a t  t;ixes c n  the s u t s  surface. 
g2~2csro qherc,  consis%ing mostly of hydrogen, helium, and vacorlsc2 
netca13. 
62C2'. 
dczxos.  
cc;t?ansnt p z ~ t s .  
sui? 2-3 2 recult  of disintegration is the source of i t s  radiation. 
Thc: 'curbd-~-w.x of enormous dimensions, i n  which tho rapidlpcxpanLfkg 
g x s c n  cool r b i ~ n ,  appear occasionaily n o w  the sun's sixrfaco. 
scquontly: tko places of turbulence on the luminom pho'cospkcr0 2py3'm 
t o  I?S 33 dark spots. 

03% CS the miscellaneous wave radiat ion of the am, %he U I ~ * ~ -  
v i o l e t  radiation, under the influence of which the ionization of f.".ZcoCi 
ti7..:In. plm?? I s  the most interest ing with respect totclc, InoTr'lcdgo cl" 
Lt. - nx3x-o of vmMA.ons. 
oT the cxLh?s  atnospherc the layers are f o r m d  with a rc l?Xvcly  . 

types 02 r n t l ~ ~ t i c  variations my zppear i n  V ~ C S ~  lz.yex-s. 

s p x e  str2:r:s of corpuscles or  particles,  wnicli carry the  ch?.-ge:: 
It  ha ',TL''? ::--e posit ive and negative e lec t r ic i ty .  The s4;rezm oL" 
co:*?.csclcs, T S  a r e su l t  of tne reciprocal act ion with the cc-stax'; . 
n r p  L3.c f%c?.ti of the earth, create on it the nqpc t i c  ac%in*'-,y ?I]$, ,' 

53 :)?r LPAL.~ I n h c c  the magnetic storm. 

As we knmq, %he sun i s  a g1oIing 

The ",omperatwe of its luminous surface or pkotosphera is 
TI? tenperature i n  the in t e r io r  of tho sun roaches o x  m5niCl 

i'ndcr s o  high t e q e r a t u r e  the atoms disintegrate I Z ~ O  the3.T 
The atomic energy s e t  f r ee  i n  the in t e r io r  of t1-s 

Con- . 

Ot.ing t o  ihe ionizztion, i n  the uppcr 7 _ ? : - ~ -  

.̂t elcc~:--.~_,:l?l conductivity. E l e c t n c d  c u r r c n h  ~ X c h  cr:.rc2 C C ? ~ ' G C ? ~ ~  

\ 

E n c i C ~ s  the wave radiation, tno s m  e d t s  i n t o  the scrroux!!-: 

T h  sc l a r  ac t iv l ty  i s  usually Kzaswed be{ a chcvnclcrlS*blC, 
bs:;cd on the cowrting of the  spots 2, visi3le 03 tno sur, as wll  27 C ' -  

the countcd nurn3or of the groups of spots E. 
~ c ? c m m ?  of so7.ar ac t iv i ty  i s  givcn the name of IJ (Wolf scnspot) lTJXb:r, 
afid 5s co!pu%cd by means of exqxession 

TMs charactcriatlc,  C:: 

W=f*lOg . . 
ZC-$53 
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T h s  rela.t%on between the magnetic a d  solar &ctivJ,.(;l.r becc-n 

Pig. 10 shmb the  graphs Or solar and magnetic acflvl%3* far 

cLcar i y  c n d c n t  when we coqa re  the corresponding data f o r  r x y  pars. 

tho period from 1830 to 1930. 
tifie TXG~~FXI of solar spots, the magmCic actAvity likewise reachos its 
wxinium aZl has the  11-year cycle, which coincides with the cycle of 
SOUF aclitdty. It is likewise established that the magmtic ac t ix l ty  
recms i n  27 days, this being connected with the sunfs ro ta t ion  peflod. 
around i':.s axis.  This recurrence is explainable by the fact that s o m  
solar spots, floccules, and the corpuscular streams associated with 'ka 
rc!&-n i n  existence fo r  long time, throughout the period of sovora-l , 
revdut ions  of the sun. 
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The. graphs shuw Wat dmLng tho yews of 
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Figure 10. S o l a r  and Magnetic A c t i v i t y  for the Period from 1830 t o  1930 
t o  J . S a r t e l s )  

R - number of s o l a r  s p o t s  - Index of magnetic a c t i v i t y  
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